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II. Abstract  
 
Open-flame cooking, the central cooking approach used by some three billion individuals 
across the globe, primarily in developing countries, poses serious health and environmental risks.  
While some countries have begun to transition to cleaner stoves, this effort has confronted 
widespread resistance.  People who have been using this ancient cooking method and whose 
culinary traditions rely on this cooking approach have remained recalcitrant in their efforts to 
continue cooking the traditional way.  This study focuses on Chiapas, the southernmost and the 
poorest state in Mexico, which skirts the Guatemalan border.  This study provides ample 
evidence of the health risks associated with open-flame cooking, while also examining the efforts 
to introduce cleaner, more healthful cooking methods, and assesses the resistance of Mexican 
cooks to adopt these new practices.  As an intervention, clean cookstoves seek to dramatically 
minimize the many health risks that are produced from open-flame cooking methods and to 
improve environmental outcomes in the communities in which they are placed. In Mexico, 
national culture is defined in part by culinary tradition, so interventions which alter this culinary 
culture have faced stark rejection from many communities. Finally, this study raises the 
following questions:  Where has clean cookstove technology been introduced and accepted?  
What factors helps to explain this success?  What lessons might we learn from these other 
successes that could be helpful in convincing Mexican cooks to adopt new technologies that 
would go a long way in protecting both their health and the environments in which they live? 
 
 
III. Introduction – Identifying the Problem 
 
Around the world, more than 2.8 billion people are huddled around fires, relying on these 
ancient methods to heat their homes and cook their food (Troncoso 1). As of 2018, 
approximately 40 percent of the world’s population relies on open-fire cooking and heating 
(Dissanayake 2). Industrialized countries have almost wholly shifted away from indoor open-
flame cooking to newer technologies such as gas, electricity, convection, and microwave ovens.  
Still, millions of individuals who live in developing countries continue to rely on open-flame 
techniques that date back to the cavemen, especially in Central America, Africa, and parts of 
Asia.  These populations have for generations used fire cooking and continue to do so for a 
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variety of reasons, including the cost of a modern stove, the lack of fuel options, suspicions 
regarding new technologies, and cultural reticence.  
Research on open-flame cooking in a range of environments in an array of different 
countries has almost unanimously concluded that these cooking techniques are detrimental in a 
myriad of ways, from creating serious health risks, to posing environmental threats, to 
diminishing forest cover in the use of wood as fuel.  According to one study, for example, more 
than four million premature deaths occur annually from the indoor air pollution that results 
(Dissanayake 2). In response to this growing body of research, many governments and private 
entities have worked independently or have collaborated in an effort to introduce clean stoves, 
products of novel technologies and engineering efforts that would markedly diminish the 
negative health and environments effects of cooking.  For example, the Global Alliance for 
Clean Cookstoves (or Clean Cookstove Alliance), has led the international effort to provide 
means by which individuals living in developing countries and cooking with open-flame burners 
could access clean cookstove technology.  Beginning in 2011, the Alliance has tirelessly worked 
to provide resources and information to people using this outdated cooking approach and to raise 
awareness among government officials that this problem needs addressing (Clean).  Of course, 
one stove will not address the needs of the many different populations and cultures that make use 
of these now outdated stoves.  The demands vary markedly, reflecting differing cooking styles, 
available fuel options, the level of access to electricity, and the general willingness to accept a 
wholly different cooking approach.  Despite the efforts of the Alliance and other similar 
organizations to make clean cooking options available, relatively few countries have adopted 
these stoves on a large scale, and the health and environmental risks remain high for a large 
percentage of the population in the world’s developing countries.  
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IV. Scientific Research on the Risks of Open-Flame Cooking 
 
Scientists have been pointing to the risks of open-flame cooking for a long time.  In fact, 
the need for cleaner cookstoves began to gain international attention as far back as 1959, when a 
paper written by Sivaramakrishna Iyer Padmavati, an Indian cardiologist, linked open-flame 
cooking to lung diseases such as emphysema and COPD.  According to this study, the scientists 
identified cor pulmonale, a lung weakness that leads to heart failure, as attributed to open-flame 
cook smoke.  The study noted that rural areas that relied on open-flame cooking clearly had a 
markedly higher prevalence of this condition and concluded that individuals living in houses 
with no outlet for smoke appeared to be at even greater risk for this condition (Morrison).  
Smoke produced by cookstoves is especially harmful because it contains a combination 
of hundreds of different chemical compounds, the most potentially damaging of which are 
polycyclic aromatic hydrocarbons, carbon monoxide, and suspended particulates. Polycyclic 
aromatic hydrocarbons are carcinogenic, and carbon monoxide poses health risks in various parts 
of the body including the nervous and respiratory systems.  They are especially risky for 
pregnant mothers and their fetuses and have been linked to a variety of birth defects. One 
commonly linked medical condition in examining open-flame cooking is acute respiratory 
infection (ARI).  According to one study, between four and five million children die annually of 
ARI in the developing world.  Similarly, chronic airway diseases such as chronic bronchitis have 
a much higher incidence rate among individuals who consistently inhale improperly ventilated, 
unfiltered cook smoke.  Research has also linked asthma, pneumoconiosis1, sarcoidosis2, and 
 
1 Pneumoconiosis is an interstitial lung disease which comes from breathing in particles in the air which damage the 
lungs (Staton 9). 
2 Sarcoidosis is an inflammatory disease involving granuloma formation, affecting primarily the lungs (Staton 9). 
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lung cancer to open-fire cooking.  While in developed countries, lung cancer is most often linked 
to tobacco use, scientific studies have concluded that countries which still rely heavily on 
biomass fuels and open-flame cooking, such as Taiwan and India, have generally a much greater 
incidence rate of cancer than other countries at roughly the same level of development (Staton 
10).  
The health risks associated with open-flame cooking extends well beyond the lungs as 
well.  Research in the United States and abroad has universally concluded that individuals who 
cook over open flames are at markedly higher risk of heart disease in their lifetime than those 
who do not (“Clean Cookstove Research”).  There are also other parts of the body widely 
affected by these harmful practices.  Research has linked open-flame cooking to health risks 
related to the eyes.  Cataracts, which are the leading cause of global blindness, have been closely 
linked to smoke. Dry eye and deteriorating eyesight are markedly enhanced by smoke as well 
(Staton 10).   
Recent research has also clearly linked open fires to birth defects.  According to a World 
Health Organization (WHO) report, research on the risks of open-flame fires in Guatemala 
concluded that a link exists between low birth weight and the use of biomass fuels and cook 
smoke.  According to this study, women who used wood for fuel gave birth to infants who on 
average weighed 63 grams less than the infants of women who cooked using gas or electricity 
(Staton 12). Indeed, perpetual exposure to smoke inhalation from open-flame cooking is 
comparable to cigarette smoke, with the WHO reporting “day in and day out, and for hours at a 
time, women and small children breathe in amounts of smoke equivalent to consuming two 
packs of cigarettes per day” (Adler A126).  
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A study conducted in India and published in 2012 found that unhealthy cooking ranks 
among the leading causes of mortality and morbidity for women throughout the country because 
of the increasing incidence of tuberculosis. India accounts for roughly 20 percent of all cases of 
tuberculosis across the globe, and an estimated 90 percent of Indian households still use biomass 
fuels in cooking. At least 75 percent of the population continue to cook using open-flame 
apparatuses called chulhas. Given these statistics, Indian scientists believe that tuberculosis is a 
major cause of the country’s extremely high infertility rate.  Again, a number of studies have 
linked open-flame cooking to high incidence rates of tuberculosis (Singh 650).  Moreover, 
according to this study, open-flame cooking has been linked to symptoms such as chest pain, 
persistent cough, phlegm, hemoptysis3, and chronic fever – symptoms which often progress into 
tuberculosis. The study effectively establishes that biomass fuel, especially when used for open-
flame cooking, is a significant risk factor for tuberculosis (Singh 655), a life-threatening disease 
that plagues India and many other developing countries.  
Other studies have linked open-flame cooking to measurable environmental degradation.  
One such study, published in 2010, identified a population of more than three billion people who 
depend on the burning of biomass such as wood, coal, charcoal, dung, or crop residues to meet 
their cooking and heating needs (Adler A126). A World Bank study published in 2018 similarly 
concluded that in Sub-Saharan Africa, between 68 and 90 percent of the population relies on 
biomass fuels, which has resulted in the highest rates of deforestation in the world (Dissanayake 
2). Other studies in Brazil, Central America, and Mexico have linked the use of biomass fuels to 
deforestation and crop degradation.  It is estimated that more than half the wood harvested 
 
3 Hemoptysis refers to the coughing up or aspiration of blood (Singh 653). 
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around the globe is used for heating and cooking fuel, almost exclusively in developing 
countries.  This, environmentalists agree, is unsustainable (“Clean Cookstove Research”).  
Yet another body of research has focused on potential birth defects that may be, in part, a 
result of sustained smoke inhalation.  Operation Smile, a nonprofit organization that provides 
cleft lip and palate surgeries in developing countries, is the leading supporter of research on cleft 
conditions in the world, has partnered with the University of Southern California to carry out a 
major research study of the causes of cleft lip.  The preliminary results of this project were 
published in 2020 in the Journal of Public Health.   This study definitively confirmed the link 
between improperly ventilated smoke produced from open-flame cooking and genetic mutations 
in mothers, increasing their likelihood of having children with cleft conditions. In fact, this study 
concluded that mothers who reported consistent exposure were at a 50 percent higher likelihood 
of having a child with cleft (Auslander 9). Research such as this study further reveals the risk of 
open-flame cooking, not only to the cooks and individuals living in the house, but to pregnant 
women and their unborn babies.   
Additional studies have examined the ways in which the various health risks associated 
with open-flame cooking are especially elevated for women.  Women traditionally serve as the 
cooks of the household.  They are also the gatherers of fuel and the ones who tend to and manage            
the stove within the kitchen.  Indeed, women between the ages of 30 and 60 years old, as well as 
girls younger than five, experience measurably more symptoms of respiratory illnesses and 
physical stress symptoms from the strenuous work involved in gathering fuel than do men and 
boys in this same age span (Dissanayake 5).  The gathering of fuel in some countries is also risky 
because women often search alone in desolate areas, putting them at a high risk of physical 
violence, sexual assault, and robbery and sexual assault (Rosenthal 1).    
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These detrimental environmental effects come in tandem with the devastating health 
effects the smoke produces. Finally, open-flame cooking creates other nuanced risks, including 
burns to the hands, face, and arms and the risk of fire inside the home.                                                               
 
V. The International Response to these Risks 
  
The results of this research sparked an interest among regional and international 
organizations alike to identify cookstove technologies and promote the adoption of these 
technologies in the developing world.  Philanthropists, non-governmental organizations, and the 
scientific community have established a myriad of efforts to promote clean cookstove usage.  
According to one study, there are more than 160 cookstove programs across the world, with new 
ones emerging every day, each promoting its preferred approach to this intervention (Ruiz-
Mercado 7558). 
As a technological invention, clean cookstoves are designed to help ventilate smoke from 
homes in order to achieve a variety of goals including diminishing greenhouse gas emissions, 
improving health outcomes related to smoke inhalation, and reducing deforestation.  These 
efforts have resulted in the adoption of clean stoves in many countries.  According to one 
estimation, out of the more than 3 billion people in developing countries who cook using solid 
fuels for their stoves, more than 828 million households now use improved cookstoves, with the 
majority in Asia, specifically China, as well as Africa, Central, and South America (Akbar 4).  
Finding the right stove for a particular need is a rather complicated process.  The efforts 
require careful evaluation of the needs of a community.  Deciding on the appropriate stove for 
each household requires consideration of a number of factors.  Rosenthal’s research on this 
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process focuses on both the technological and cultural aspects of this decision (Rosenthal 1).  
Household characteristics would include literacy rates, knowledge of science, cooking styles, 
cultural perceptions, and financial, tax, and subsidy aspects.  His work also analyzes market 
development, regulatory standards and regimes in place (if any), legislation, and programmatic 
and policy mechanisms.  
First, fuel and technology characteristics consist of verifying that the technology has 
proven to be clean, safe, and realistically useful in a developing household. It examines the 
ability of the stove to meet needs on a local level and the maintenance, time, and money 
associated with cooking using the stove. Consideration of household characteristics reveals how 
well the stove will fit within the house and any infrastructure adjustments necessary.  The focus 
on cultural perceptions assesses the values and opinions of the members of the household.  How 
do they view technology?  How seriously do they take safety and health concerns?  How 
competent are they in terms of operation and maintenance of the clean cookstove?  Who cooks?  
Who must have the competence and knowledge necessary to make this new addition to the home 
useful and productive?  Finally, is the household willing to put the resources necessary toward 
this technological improvement in their home?   
Rosenthal also carefully analyzes market development, assessing especially the 
economics of supply, distribution, installment, training, and maintenance. Regarding regulation, 
the author places the introduction of this technology within the broader framework of domestic 
regulations and/or legislation that might shape the manner in which these cookstoves are 
adopted.  Moreover, she/he examines standards at the international level by analyzing the World 
Health Organization’s policy regarding these stoves. She/he concludes their assessment by 
examining the programmatic and policy mechanisms necessary to ensure that the program 
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receives the resources and attention necessary.  When all these factors are carefully considered, 
experts have discovered that the need is greater varied, and the context and environments in 
which the stoves would be used are markedly diverse.  Developing efforts that are highly place-
sensitive will help to ensure greater success (Rosenthal 4).  
Perhaps most significantly, the need for clean cookstoves is nearly universal among 
citizens at a lower socioeconomic level, as the least resourced are the one who most frequently 
use open-flame cooking methods, and also the ones least likely to be able to afford to upgrade to 
a cleaner, safer model.  Arguably the most important consideration when looking at the future of 
clean cookstove technology is neither the development of new models nor the large-scale 
manufacturing process or dissemination.  Rather, the most pressing problem is devoting the time 
necessary to educating, training, and adapting to the citizens who are most in need.  Factors 
which influence this can vary based on the communities and households in which placed, among 
other factors (Ruiz-Mercado 7558), but both successful preliminary installation and continued 
usage can be accomplished in the right circumstances. 
 Because of the many complications in facilitating the clean cookstove movement, as well 
as the historical reliance on open-flame cooking methods, many countries and regions have yet 
to find success in these new technologies. Chiapas, Mexico offers a prime example of this failure 
to transition to clean cookstove cooking.  In 2016 alone, the WHO estimates that more than 
15,600 deaths in Mexico could be attributed directly to exposure to open-flame cooking, and the 
majority of these deaths are concentrated in rural, poor regions, such as Chiapas. As a whole, 
more than 60 percent of the population in the state of Chiapas continue to rely on firewood for 
heating and cooking (Troncoso 1), meaning that hundreds of thousands of Chiapas residents are 
in need of clean cookstove technology. Not only does this region lack the financial capacity for 
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growing clean cookstove technology, but Mexican traditions make it even more difficult to 
incorporate these new methods.  
A deeply diverse country with a rich and varied history, Mexico has a culture that centers 
on cooking, which remains especially true in rural communities like Chiapas, where tradition is 
deeply pervasive in everyday life. Because of this, introducing new ideas like those presented in 
clean cookstoves can be extremely trying, but is also more necessary than arguably anywhere 
else in the world. Drawing on the experiences of other countries in introducing cookstove 
technologies, the next section of this thesis will analyze an array of obstacles – financial and 
cultural – that must be considered when proposing the best method of intervention for Chiapas, 
Mexico. 
 
VI. Understanding Chiapas 
 
Chiapas is the southernmost region of Mexico, bordering Guatemala at the southwest 
corner of the Yucatan Peninsula. The capital of the state is Tuxtla, with other cities such as San 
Cristobal de las Casas, Arriaga, and Tapachula located in this region as well. The majority of 
Chiapas contains pieces of the Sierra Madre de Chiapas mountains and plateaus of the Chiapas 
highlands, with remnants of indigenous inhabitants existing in Mayan ruins like Palenque found 
throughout. Chiapas has a very large indigenous presence, one of the largest in Mexico, and the 
basis of the local economy is almost entirely focused on agriculture, specifically of beans, coffee, 
cacao, bananas, and livestock (Brittanica).  Mexico as a whole contains mountainous regions, 
desserts, tropical jungles, thousands of miles of coastlines, internal plateaus, and more. Though 
Spanish is spoken by the majority of Mexican citizens, it is not an official language, and there 
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are a plethora of indigenous languages and dialects that are spoken throughout the country (“The 
World Factbook”). 
Chiapas, the poorest state in Mexico, has a per capita income of only 40 percent of the 
national median. The growth rate of the region in past years has been extremely slow, and the 
average income for a Chiapas worker is more than two and a half times less than the average 
Mexican worker. For perspective, the next poorest states, Oaxaca and Guerrero, have average 
worker incomes at more than 25 percent higher than those of workers in Chiapas.  The state’s 
poverty rate averages roughly 74.7 percent, the highest poverty rate of any state in the country, 
with almost 50 percent living well below the poverty line, at what many economists call the 
“extreme poverty” level (Levy 2). Certainly, the state has wealthier citizens who live in the 
bigger cities and hold professional jobs, but the vast majority live in the countryside or in smaller 
pueblos, especially indigenous people, and engage in subsistence farming.  These peasants have 
little formal education, lack land of their own, and continue living with the cultural traditions of 
their ancestors (Levy 4). On the Human Development Index, Chiapas ranks at 0.66, which is a 
full 0.10 below the country’s ranking as a whole (Tronocoso 1). 
 
VII. The Cultural Significance of Open-Fire Cooking in Mexico 
 
In Chiapas and in Mexico as a whole, cooking forms an integral part of the deeply 
traditional culture.  Cooking began in Mexico more than 35,000 years ago when humans arrived 
in this portion of North America, and culinary practices have undergone many shifts since then, 
though cooking and related traditions have remained remarkably consistent.  Beginning in 3000 
B.C., various Native American tribes have occupied all different parts of Mexico, with their 
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presence drastically reduced by colonization. Within many of these tribes, agriculture played a 
central role, beginning the emphasis on food, especially related to cooking, as a societal base for 
the country. In ancient times, agricultural activities played such an important role in society that 
they were used to create calendars, measure time, and connect with spiritual and religious 
ceremonies (Long 4). After colonialization occurred, Spanish influence combined with 
widespread native, and even Creole, influences in smaller parts of the country to create a unique 
dedication to culinary culture. 
Another extensive cultural influence on the culinary practices of Mexico was the arrival 
of enslaved Africans brought by the Spanish. It is estimated that the first enslaved Africans were 
taken to Mexico from the West Indies with the arrival of the conquistador Hernán Cortés, who 
brought slaves to the country in effort to increase the yield of cash crops from various newly 
established plantations, therefore multiplying his wealth. This began in the late 1500s and 
continued for centuries. The arrival of this new population decimated local indigenous 
populations, as new communities introduced diseases to the native population.  After Mexico’s 
War of Independence with the Spanish, Mexican slavery ended, but the impact of this newly 
introduced culture remained. Some communities with a larger African population were 
assimilated into the country, while others remain more autonomous. Regardless, the impact of 
African presence on culinary tradition was substantial, with a variety of recipes still famous 
today. Many commonly used items, such as coffee, plantains, sesame seeds, and yams came 
from Africa, yet they are considered essential in modern Mexican cuisine (Tausend 18). 
Agriculture remains an important part of the Mexican economy. The country’s main 
agricultural products are corn, wheat, beans, rice, coffee, and, to a lesser extent, tobacco. More 
than thirteen percent of the labor force continues to work in agriculture, as Mexico leads the 
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world in the exportation of fruits, vegetables, cotton, and copper (“The World Factbook”). The 
single most important ingredient in Mexican culinary culture is maize, which was domesticated 
in Mexico as long as 9000 years ago in its ancient form, also known as teosinte. The Mayan 
creation myth of Popol Vuh attributes maize as a product to the Mesoamericans, including 
Mexicans, and Mexico remains the central origin point for the domestication and diversification 
of maize across the globe (Baker 13).  
The importance of maize contributes to the production of tortillas, which are integral to 
Mexican culture. This importance dates back to Mayan occupation in the Yucatan Peninsula, as 
Mayans frequently cooked with corn, even making tortillas (Long 3). Shops where tortillas are 
made and sold are known as tortillerías, which have their origins in the 1970s when Mexican 
women began moving into the work force. Women had limited ability to produce their own 
tortillas in the home, as it was a time- and energy-intensive process, so tortillerías began 
opening. This was also made possible by the process of combining and transforming the maize to 
better make tortillas, such as in the nixtamal process. These tortillas combine various alkaline 
substances with maize to create more malleable and nutritious tortillas – a form of health 
technology,which is still widely used, especially in rural communities (Baker 19). Tortillas are 
first created with the use of a “metate,” or grinding stone, and a “mano,” or rolling pin made 
from rock (Tausend 15). Using these tools, the maize is ground and then formed into tortillas 
with a tortilla press. Next, they are grilled, and in Mexico, the grilling process is always done on 
an open-flame stove, or fogon. 
The practice of making tortillas is central not only to Mexican culture, but also to the 
practice of open-flame cooking. In households that report the lowest rates of cooking over an 
open fire, few tortillas are made on a daily basis (Troncoso 4). Indeed, in most households 
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cooking tortillas can take up more than 30 percent of the home’s fuel use, amounting to an 
average of 30 to 65 hours per month spent making tortillas. Because of low national wages, 
tortillas are most frequently made in the home, regardless of the economic wealth of the 
household. For example, a tortilla costs approximately 14 Mexican pesos in a tortillería, whereas 
a handmade tortilla costs between 11 and 4.5 Mexican pesos, amounting to hundreds of 4pesos 
saved a month in some cases (Troncoso 3-6). In a region where funds are scarce regardless of 
socioeconomic status, statistics like this show that the obvious choice for many is making 
tortillas in the house, which commonly correlates with open-flame methods of cooking. 
Though the concept of a “kitchen” varies significantly across the country, virtually all 
Mexican kitchens feature a stove, often open-fire, as the central element.  The most “traditional” 
and widely used stove, as it has been around the longest in Mexico, would be the open-flame 
fogon, or wood-burning fire, upon which a metal grate or pot can be placed (Tausend 18). This 
method allows for homes to be heated while simultaneously cooking food, which is especially 
important in rural homes lacking gas or electric-based heating and cooling. The use of the open 
flame also allows for foods to have direct contact with fire, which facilitates a grilled or burning 
texture and flavor that many enjoy. There are a variety of different cooking instruments used in 
Mexican cooking, such as molcajetes, the local version of a mortar and pestle, cazuelas, versatile 
clay cooking dishes, and comales, a round and flat metal pan used over open flame for the 
production of tortillas (Tausend 14). Along with the variety of cookware comes the variety of 
cooking methods used by Mexican people, including roasting, searing, toasting, and more. 
Roasting of chiles is especially common and done by turning them over direct flame contact and 
 
4 The Mexican peso conversion rate in relation to the United States dollar varies, generally hovering around 18 
Mexican pesos to $1 USD (Troncoso 5).   
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then peeling them. Other vegetables are often exposed to flame as mentioned above, as the 
charred portions “add to the rustic flavor” (Tausend 18).  
The importance of culinary tradition and the extreme poverty rates in Chiapas interact in 
an interesting way, especially in relation to the clean cookstove movement. Because the region is 
so impoverished, it is virtually impossible for many locals to obtain new technology 
independently, creating a reliance on older traditional practices such as open-flame cooking. This 
reliance deepens cultural dependence on these practices, strengthening the importance of 
traditional cooking and further cementing the open-flame practices. This also implies that 
Chiapas is especially in need of clean cookstove technology, as the region falls so low on the 
socioeconomic ladder, inevitably leading to poorer health outcomes as well. 
 
VIII. Clean Cookstove Alternatives 
 
A number of clean cookstoves have been introduced in a variety of developing countries.  
In fact, an International Organization Standardization consensus process known as the ISO 
Technical Committee 285 has developed standards for the performance of clean cooking.  This 
committee includes representatives from more than 40 countries and provides extensive 
information about the different stoves available.  This committee keeps potential buyers abreast 
of technological advances, as better models are developed and marketed regularly.  The stoves 
themselves come in different shapes and sizes and use a variety of different fuels. The 
functionality of the stoves is highly reliant on available resources of the area in which they are 
being used.  
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The Alliance for Clean Cookstoves classifies stoves in nine different categories: charcoal, 
electric/induction, ethanol/alcohol, rocket/side-feed, gas/biogas/LPG, solar, griddle/plancha, 
gasifier/TLUD, and traditional. In the United States the majority of stoves used would be 
classified as electric or gas stoves. In San Cristóbal, traditional stoves, or open-flame stoves, are 
widely used, but there are also homes that use the griddle/plancha style, especially for making 
tortillas.  In a few limited cases, household have turned to the use of rocket/side-feed stoves, 
mostly in connection with clean cookstove efforts (Clean).  
Each stove has its own benefits and drawbacks related to a variety of factors, but all clean 
cookstoves remove unventilated smoke from homes, thus reducing the health risks of open flame 
in the house.  In parts of Mexico, adaptations of the rocket or side-feed stoves are used, along 
with fitted ventilation tubes for household installation. Infrarural, the partnering organization 
with which Operation Smile plans to work in the Chiapas region of Mexico, markets a high-
quality side-feed stove. This model, known as the Xalpaneca Efficient Wood Stove, offers a 
variety of features.  Fundamentally, this stove combines components from the Lorena Stove, 
which was a widely successful model in the 1980s, along with the Patsari stove, which is another 
successful and more recent stove model.   
The base of the stove can be constructed with a variety of different materials depending 
on what is locally available. The base is also adjustable for different height preferences, an 
aspect especially accommodating to familial and cultural preferences. The concrete base 
provides a large griddle-styled cooking plate, also known as a plancha, along with two burners 
with removable features to facilitate cooking with direct fire exposure. A shelf for feeding the 
fuel into the stove to burn is located at the bottom (Akbar 4). The biomass used to fuel the stove, 
in this case bundles of wood referred to as leña, is inserted into the base at an opening below the 
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cooking plate, and the smoke generated from the burning of wood is released via a ventilation 
pipe at the back of the stove. Each manufacturer of stoves, of course, claim that its model offers 
the cleanest efficiency available.  The model used by Infrarural claims an impressive 99 percent 
decrease in accidents in the home, as well as a 95 percent reduction of smoke in the kitchen 
(Infrarural). The average clean cookstove lasts between five and ten years, though there are more 
durable, higher priced models that can be used for decades (Akbar 3). Clean cookstove reception 
in Mexico has varied widely. Reviews have been both positive and negative, depending on many 
different factors. 
What lessons can proponents of clean cooking in Chiapas learn from the experiences of 
other countries?  A number of valuable case studies have provided essential models and lessons 
learned.  Ethiopia provides a valuable model of adaptation to clean cooking approaches.  Ranked 
among the world’s leading countries for deforestation and air pollution, it has moved toward 
cleaner cooking.  More than 96 percent of the population in Ethiopia use biomass to fuel their 
stoves. A study conducted by the World Bank Group in Ethiopia concluded that Ethiopians 
viewed their stoves positively if they were durable, reduced cooking time measurably, required 
less fuel, produced less smoke, and were affordable (Dissanayake 19).  Given these factors, the 
study found that stoves that delivered on these preferences were reviewed very positively by 
Ethiopians who had adopted them. Moreover, those surveyed expected future health and 
environmental benefits resulting from continued usage (Dissanayake 20). The adoption of clean 
stoves in Ethiopia marked an important breakthrough, as East Africa and Ethiopia specifically 




Bangladesh has also widely introduced clean cookstoves.  Citizens of this country, 
extremely rural and very poor, place, primarily rely on biomass fuels and cook on traditional 
open-flame cookstoves.  This practice has posed a serious threat to the rural floodplain areas of 
the country, as the population there is increasing, while the forests are shrinking. A 2009 survey 
conducted in Bangladesh found that though most people cooked over traditional stoves, the 
majority surveyed wanted improved, cleaner cookstove technology, as “they understood the 
problems of the traditional stove and the prospects of improved cooking” (Miah 77). This case 
study concluded that in order to facilitate the best clean cookstove intervention for the country, a 
variety of recommendations needed to be considered. These include increasing accessibility to 
alternative renewable energy sources, expanding plantations of fuel wood, and offering better 
education regarding the risks associated with open-flame cooking. This study concluded that 
clean cookstoves must be introduced, especially in the floodplain region, at the lowest cost 
possible, suggesting an expansion of national programs – both private and public – in order to 
subsidize these efforts in combination with increasing NGO efforts.  
The study also concluded that the experience in Bangladesh has shown that simply 
installing the stoves falls short of what is needed.  The stoves must be inspected for quality, they 
must be installed properly in each home, and the cooks in the house must be trained to use them 
efficiently and safely (Miah 77). These recommendations form a comprehensive case for 
rectifying a large national issue in Bangladesh, and many of the suggested recommendations in 
this context can be instituted in a variety of other countries. 
Another similar study conducted in Brazil examined the use of liquid petroleum gas, or 
LPG, to replace biomass fuels, which is growing in many parts of the world. Not just used for 
cooking, LPG can be efficient as the central source of fuel for electricity throughout the 
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household. In Brazil, though many have access to electricity as needed, rural regions frequently 
do not, and the Brazilian government has been working for decades on remedying this. This 
study found that efforts to distribute LPG bottles, distributed by private companies around the 
country for affordable prices, were generally successful.  Each bottle contained 13 kilograms of 
fuel, and distribution was conducted smoothly, even in rural areas. This practice “eliminated 
almost completely primitive cooking procedures that were contributing to deforestation” (Coelho 
1095). This study illuminates the importance of government and private or NGO collaboration in 
these efforts, as well as issues of accessibility and affordability when it comes to the use of 
healthier fuels. Although LPG may not be the best fuel for Chiapas, given its limited availability, 
this study illustrates that regions like Chiapas can be helped when it comes to clean cooking 
initiatives if presented with the right resources and programming. 
 
IX. The Case of Chiapas: Obstacles to Successful Intervention 
 
Too often, stoves are improperly installed, and users lack comprehensive education and 
training.  Also, often the installing organization is not later available for maintenance and 
consultation.  Perhaps most problematic, the cooks find the stoves unacceptable because they are 
not effective for the type of cooking that is traditionally done in the household.  As a result, 
many installed stoves remain unused and can cause an attitude of indifference or rejection 
regarding the clean cooking technology. In smaller communities, local residents learn of these 
failures and are extremely hesitant to accept and rely on provided stoves, as many have 
historically malfunctioned or failed to perform, making the reception of future initiatives more 
difficult. The adoption of new stoves and different socioeconomic factors have a dynamic 
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interplay, and as evidenced in studies conducted in Ethiopia, can be highly reliant on the price of 
the stoves, household income, household wealth, the availability of traditional stove technology, 
and most importantly, the long-term commitment of the installing organization to consult with 
the new stove owners regularly and frequently (Dissanayake 6). 
India and China provide another set of experiences regarding the introduction of clean 
cooking.  China has introduced more than 150 million clean cookstoves throughout the country, 
which has improved with time.  India has introduced very few.  The successes in China are a 
result of several factors, including the encouragement of local collaboration, a streamlined design 
and distribution (offering few choices to citizens), and the fact that a centralized authoritarian 
state can impose such technology without giving the household choices regarding its use.  In 
India, the stoves that have been introduced have been poorly designed, reliant on fuels that are 
not readily available, and improperly installed (Akbar 5). Sadly, India suffers more than any 
other country from the use of open-flame cooking.  Studies have estimated that smoke inhalation 
kills more than one million people annually in the country (Morrison). Other countries, like 
India, have attempted to introduce clean cooking methods, but have failed for many of the same 
reasons.   
Trust in government technology appears to be very much lacking in these countries.  
Citizens tend to be suspicious and unwilling to take the risk and try a stove that would, in the 
long run, markedly enhance their quality of life.  For example, follow-up studies in India after 
failed clean cookstove implementation attempts indicated a widespread lack of trust in stove 
solutions. Those households which sought assistance and were willing to pursue the use of the 
stove with more energy and determination ultimately adopted the stove and used it for 70 percent 
of the cooking in the home.  This statistic suggests that those promoting and introducing these 
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stoves much be available, persistent, and willing to continue to assist the new owners until the 
cooks grow comfortable with the technology (Adler A128).  
Guatemala’s experiences are arguably the most relevant for Chiapas, as the two countries 
not only share a border, but many societal characteristics.  The country’s social-fund program 
offered a model of stove that utilizes a plancha, or medal griddle.  This government–sponsored 
program to disseminate stoves in the late 1990s and early 2000s was hailed by experts as 
valuable because the government attempted to tailor the stove to meet the particular cooking 
requirements of the cooks (Akbar 5).  Many of these stoves are still being used, but many are not 
because the government did not continue any follow-up program for maintenance. 
One example of a successful adaptation within Mexico can be seen in Envirofit, a clean 
cookstove organization which combats issues with consistent, long-term usage of clean 
cookstoves by providing training, manuals, and follow-up care (“Envirofit”). In order to facilitate 
a positive experience, the experiences of many other countries have shown that these kinds of 
efforts increase measurably prolonged usage and functionality. This clear communication is 
likely what has made companies like Envirofit able to successfully install clean cookstoves 
around the world. 
Cost, of course, provides another major obstacle for successful cookstove adoption.  
Many of the regions and countries which are most in need of clean cookstove technology, as 
mentioned, are the areas lowest on the socioeconomic ladder. Cheaper models of stoves are often 
inadequate regarding proper ventilation and durability.  Envirofit has attempted to address this 
problem by offering a payment system for families purchasing their stoves in order to help to 
ease the financial burden (“Envirofit”). Whether or not an organization is gifting or charging for 
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a clean cookstove, problems like these are common in the world of emerging health technology 
(Adler A127).   
It is problems such as these, as well as societal shortfalls, that have led to the failure of so 
many clean cookstove projects across the globe. In 2010, the United Nations Foundation 
collaborated with the Global Alliance for Clean Cookstoves to pledge the installation of 100 
million clean cookstoves. This initiative garnered immense support, including within the United 
States government, eventually raising nearly $75 million.  This program, however, proved 
ineffective in the long run. The stoves used were of low quality, performed poorly in the field, 
and failed to improve health outcomes, which caused the initiative to be regarded largely as a 
failure. Records indicate that only 2 million of the biomass stoves distributed out of tens of 
millions actively met clean standards as set per the Global Alliance for Clean Cookstoves. 
 Meanwhile, the Global Alliance for Clean Cookstoves adjusted its efforts to promote 
stoves that use propane in hopes of providing a more beneficial experience for consumers 
(Morrison), but this posed other problems. Gas fuels, costly and limited in availability, are 
expensive and inaccessible to many living in developing countries. As a result, after the fuel is 
initially distributed, the difficulty of consistently accessing the fuel means the stoves are often 
abandoned, and the household returns to open-flame cooking.  These failures have created a 
sense of cultural reticence, or reservation and avoidance, in Mexico and elsewhere, which must 
be overcome in future initiatives. 
The goal to introduce clean cooking technology in Chiapas confronts an array of 
genuinely crippling obstacles.  Distrust, poverty, inefficient government on the local, state, and 
federal level, unavailable fuels, and a strong societal attitude of cultural reticence all contribute 
to this challenge (Levy 3). The approach that would most likely succeed would have to consist of 
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some kind of partnership or collaboration between public and private organizations, as was the 
case in various other countries discussed above (Akbar 5). This sort of initiative can easily fail, 
however, if not culturally competent.  Understanding the cultural context and the specific 
cultural norms of a community is critically important.  The central importance of cooking in 
Chiapas means that introducing new approaches must be done wisely and carefully, with 
heightened cultural sensitivity in order for the effort to succeed.  Because interventions in 
Chiapas requires this sort of detailed, attentive approach, far too little effort has gone into 
mapping out a serious strategy.  While Chiapas may be one of the most in-need regions when it 
comes to lack of clean cookstove access, no wide stream, serious effort has yet been introduced 
in the region.  And while the Mexican government has supported similar efforts in other parts of 
Mexico, Chiapas – so far from the central government and of little economic consequence – has 
gained little or no attention regarding clean cooking.   
 
X. Conclusion – Suggested Solutions  
 
According to the United States Agency for International Development, selection of the 
best clean cookstove for the region in which it is being used comes from the balancing of three 
important considerations: which health impacts are primarily pursued, which technologies or 
fuels are required to achieve these health impacts, and how will the changes in indoor air quality 
be monitored once the technology is obtained. Using clean stoves creates energy efficiency, 
which “stimulates economic growth, increases energy security and access, and lowers 
consumers’ energy costs while helping countries meet growing demand and development 
objectives” (“Clean and Efficient Cooking”). This statement illustrates the potential benefits of 
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clean cooking. Specifically, money is saved when less fuel is used to maintain heat and cook. In 
developing countries, many families could improve their lifestyles with the saving of even small 
amounts of money. There is also a drastic reduction in pollutant and greenhouse gas emissions in 
proper clean cookstoves.  Perhaps even more important, members of the household would be 
healthier and live longer lives.   Finally, clean cookstoves can help conserve resources which are 
often unreliable or inaccessible, such as wood, charcoal, and other fuels (“Clean and Efficient 
Cooking”).  
To better understand the impact of a cookstove project, there are a variety of ways to 
monitor impact. First, efforts must measure the level of acceptance, which is the number of 
stoves physically placed in homes from the amount originally proposed. Second, studies must 
calculate the level of initial use or the fraction of the population that actually uses the clean 
cookstoves out of everyone who received a stove. The saturation level represents the fraction of 
the population that sustainably uses the stove out of everyone who received one. The time for 
stabilization reflects the amount of time from stove purchase until sustainable use is achieved. 
Variations of use shows how patterns, whether local, seasonal, or other, affect the mean 
saturation level. Finally, identifying the main culinary practices for which stoves are used, as 
well as their average daily use, fuel efficiency, and other common measurements can help in 
future development. Some projects also use laboratory testing of fuel samples or indoor air 
pollution measurements to monitor progress (Ruiz-Menendez 7559). If project components are 
closely and consistently monitored, a better understanding of the successes and failures of an 
innovation can be gained, which can help to ensure that initiatives are successful in the future. 
One future initiative many clean cookstove organizations, such as the Global Alliance for 
Clean Cookstoves, are emphasizing is the use of propane as fuel. Because of failure to meet 
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clean standards by so many biomass-fueled stoves, organizations are turning to propane stoves to 
create a wider array of benefits for users. This comes with its own complications, as many of 
those cooking in the developing world are accustomed to the technique and flavor of cooking 
with charcoal or wood as fuel, as well as the potential difficulty in obtaining propane (Morrison). 
Whether or not propane stoves will be successful as the newest intervention in the sector of clean 
cookstoves is still unknown, as they are not yet widely implemented. 
Public health experts are looking to cookstove projects to work in collaboration with 
other efforts such as those focused on enhancing nutrition, particularly among children. 
Integrating technological advancement holds potential for success for both clean cookstoves and 
the added health initiatives. Experts believe that this combination could bolster both efforts, 
though results are still inconclusive (Adler A128). Creative ideas that combine multiple areas of 
learning, as well as emphasize communication and education within communities, are an 
excellent example of possible promotional tools for stove usage. The continued communication 
could help to motivate users to continue to work with their stoves, which would improve 
effectiveness and longevity, while also decreasing feelings of cultural reticence. 
In suggesting how to move forward in Chiapas with successful clean cookstove 
interventions, Guatemala might offer the best comparison, as Chiapas borders this country, and 
the cooking traditions of the two are quite similar.  Moreover, the two are similar in terms of 
socioeconomic makeup.  Finally, the populations of both have large indigenous groups.  
Guatemala’s response to their clean cooking initiatives provides a model for Chiapas. A recent 
survey published on Guatemala’s clean cookstove effort identifies the three most important 
domains when introducing this initiative.  The three are the social domain (attitudes and beliefs), 
the functionality domain (how the stove would actually be used, or functionality), and the 
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cultural domain. In the social domain, it is important to consider how the stove affects the 
family, examining the size of the family and how it traditionally organizes meals. In the cultural 
domain, local practices and traditions, especially surrounding food, must be highlighted. In the 
functional domain, the ability to provide benefits outside of simply cooking, such as providing 
light and heat for the home, must also be taken into consideration (Bielecki 356). It is only in 
considering these domains and how they interact with one another that interventions can succeed 
over the long-term. 
Examining how the public sector contributes to these initiatives is complicated, as so 
many prominent organizations have attempted, even partially, to propose their own solutions. 
The World Health Organization, the Inter-American Development Bank, the Department for 
International Development in the United Kingdom, and the United States Agency for 
International Development have all funded or partially funded such programs, with an estimated 
350 other partners around the world joining the UN Global Alliance for Clean Cookstoves 
(Bielecki 350). Because they so often fail to consider all of the domains relevant to clean 
cookstove initiatives, many of these large and otherwise effective public organizations fall short. 
A similar dynamic exists within the private sector, where the interests of the individual 
organizations commonly supersede the interests of the communities themselves 
In Chiapas, regarding the social domain, family sizes can often be large, with meals being 
primarily organized by the women of the household. The cultural domain, as elaborated upon 
previously, includes an incredibly diverse population that places heightened emphasis on 
culinary tradition. The functional domain, especially important in regions with low 
socioeconomic means, is highly influential in Chiapas, as many families do rely on their 
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cookstove for heating and light. These considerations have to first be taken into account before 
even beginning to plan a clean cookstove initiative in the region. 
From there, an organization must establish a cultural connection, evaluating how best to 
interact with the local community in which they hope to implement the clean cookstoves. This 
requires spending time in the community, getting to know members of the household, gaining 
their trust, and coming to understand their cooking needs.  It also requires knowledge of the 
technology in order to better judge which model fits best in the environment.  This preliminary 
work can also help the organization to establish a way to incorporate the local community in the 
installation process in a sustainable way.  Allowing them to contribute and collaborate in the 
work inevitably makes them more invested in the process itself, motivating them towards 
continued usage of the technology. Some organizations have begun doing this, like Infrarural, 
and it has allowed them to create a positive reputation throughout the country for their work 
(Infrarural).  
Once this relationship has been established, the intervention itself can take place. As 
mentioned when describing the huge variety of models available, the best model for the region 
must also be considered. Though Chiapas may not have one material better than another, 
different households prefer different bases, including materials, heights, and placements.  This 
can be evaluated preliminarily and also during the installation. Because the cooking of tortillas is 
so important, a cookstove which has a removable burner component is essential, as it allows for 
the tortilla to touch the fire directly, allowing for the burned flavor so many are accustomed too. 
In considering again the functional domain of the area, it is equally important that the chosen 
model can provide heating and lighting, as the communities that need them the most usually lack 
the resources to obtain other sources. 
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After installation of the stoves, follow-up within the community is just as important as 
preliminary work, as it allows for continuation of the relationship with the community in case of 
later interaction. Most important, however, it allows for the organization to understand where the 
stoves are proving useful and where they are falling short, both in usage overall and in specific 
durability of parts or components of the stove. So often in clean cookstove initiatives, after the 
stoves are installed, the providers fail to follow up, only to discover much later that the stoves 
were rarely or never actually used.  In some cases, according to one study, the stoves become 
simply another piece of furniture.5  In order to prevent this, return visits both immediately after 
and in the following months and years will allow for the organization to gage the communal 
reaction, which will guide future actions, hopefully saving resources and leading to the most 
successful intervention possible. 
If this process is followed, and the cultural, social, and functional domains are considered 
throughout the entirety of the project, there is a greater probability of success, whether the 
providers are private, public, or some combination of both. For the sake of sustainability, 
however, it is beneficial for Mexican-based organizations that contribute to the Mexican 
economy to provide this service. This implies that the best scenario for this study specifically 
would include a providing clean cookstove company with origins in Mexico, or even Chiapas.  If 
a U.S. governmental effort, such as PeaceCorps or USAID, collaborated with a local 
organization like Infrarural to achieve the clean cookstove goals for the Chiapas region, this 
could create a more sustainable project timeline, and it could also lead to the eventual streamline 
of a process which allows for future needs to be met immediately and directly. This is evidenced 
by the success in places like Ethiopia, which have utilized these collaborative ideas to 
 
5 This is based on the author’s independent observations in many different communities throughout Chiapas. 
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successfully install millions of stoves throughout the country.  In other places, such as India, the 
absence of far-reaching collaborative efforts has primarily led to failure (Akbar 5). 
It is not extreme difficulty or the lack of trying that has led to far too few successful 
cookstove interventions.  Often, the efforts are just not carefully planned, and the providers give 
up too easily.  Indeed, they fail to adopt a long-term sustaining commitment to the project.  The 
savior complex of wanting to enter into a developing country and provide them with the 
resources they need and then leave quickly, feeling a self-interested sense of accomplishment, 
must be overcome and replaced by an interactive effort to understand and work with the 
communities being served, considering their basic needs, and the resources available. In Chiapas, 
the poorest and arguably most vulnerable and neediest region of Mexico, this is especially true, 
and makes the need for interaction all the more important.  Right now, this effort requires more 
research, a better understanding of clean cookstove technology, and, most importantly, a greater 
commitment by the international community to address this problem, which poses such serious 
health and environmental risks, and which can genuinely be addressed effectively with a little 
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